There has been an increasing body of literature on conservative management of acute appendicitis recently. The aim of this study was to evaluate the current practice of non-operative management of acute appendicitis in Eastern Health, a Melbourne metropolitan health network Acute appendicitis is the most common cause of acute abdominal pain leading to hospital admission and surgery. About 20% of the cases are complicated with perforation, peritonitis or collection while majority is uncomplicated [1] . The first appendicectomy for acute appendicitis was performed by McBurney in 1889 [2] . In patients with complicated appendicitis, the preferred management is largely conservative as there is strong evidence to suggest operative management during acute admission leads to higher rates of morbidity and mortality [3] [4] [5] [6] . Appendicectomy has been the preferred option in treatment of acute uncomplicated appendicitis since the 19th century. It is well tolerated by majority of the patients with a high cure rate however complications including serious intra-abdominal organ injuries still exist [7, 8] . The emergence, and increased use of laparoscopy was associated increased numbers of surgical intervention with high negative appendicectomy rates and unnecessary surgery related complications [7] [8] [9] . In the past two decades, there has been an increasing body of literature evaluating the validity of antibiotics treatment alone in managing acute uncomplicated appendicitis and results are promising [10] [11] [12] [13] [14] [15] [16] [17] [18] . With this shifting trend in management of acute appendicitis we aim to review the performance in management of acute appendicitis in our health network in the past five years, focusing on the cohort of patients managed conservatively, the management decisions and follow up results.
Introduction
Method: A retrospective observational study was conducted for all patients managed conservatively for acute appendicitis at Eastern Health between July 2011 to December 2016
Results: There were 54 patients managed conservatively and 1516 patients managed operatively for acute appendicitis. Within the conservative treatment cohort, simple appendicitis was found in 19 patients and complicated appendicitis was found in 35 patients. Follow up period was between 6 and 24 months. The recurrence rate was 20.4% (11 patients). Interval appendicectomy rate was 25.9% (14 patients). Interval colonoscopy rate was 37% (20 patients) NHMRC:National Health and Medical Research Council; CT:Computed Tomography; US:Ultrasonography; IV:Intravenous; WBC:White Blood Cells; CRP:C Reactive Protein Conclusion: Appendicectomy is currently the mainstay treatment of acute appendicitis in our health network. Nevertheless, conservative management is a safe and valid alternative. Our recurrence rate for appendicitis treated conservatively is comparable to the literature. Despite ample evidence against interval appendicectomy, it is still being offered to patients. Interval appendicectomy and interval colonoscopy should not be a routine practice and should be selectively offered to patients
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A retrospective observational study was conducted within Eastern Health hospital network which is a tertiary referral centre Methods in Melbourne, Australia. The study was approved by the Office of Research and Ethics at Eastern Health (Reference QA30-2017), which is accredited by the National Health and Medical Research Council (NHMRC) of Australia. All patients presented to Eastern health network hospitals with the diagnosis of Appendicitis or related conditions between July 2011 to December 2016 were isolated by the Health Information and Records Department using the International Classification of Diseases, tenth revision, Clinical Modification (ICD-10-CM). Those diagnostic codes included K35.2, acute appendicitis with generalised peritonitis; K35.3, acute appendicitis with localized peritonitis; K35.8, acute appendicitis, other and unspecified; K36, other appendicitis; and K37, unspecified appendicitis. From this cohort, patients who were managed conservatively (did not receive operative appendicectomy) within the same admission were selected and further evaluated. Patients were included in this study if they had clear radiological diagnosis of acute appendicitis and were treated conservatively. Patients who were transferred to other hospitals, and those who were admitted for observation of abdominal pain without any imaging confirmed diagnosis of appendicitis, were excluded from this study. Information were gathered from Electronic Medical Records. Diagnostic imaging modality were classified into Computed Tomography (CT) scans, Ultrasonography (US) scans and other. Diagnoses were further classified into simple appendicitis, and complex appendicitis (perforated appendicitis, appendiceal collection or abscess, and appendiceal phlegmon). Inpatient management determined the use of antibiotics and whether patients required radiologically guided intervention. Patients were followed up to 24 months post discharge (follow up period ranged between 6 to 24 months with median follow up period of 24 months). Information on outpatient colonoscopy, interval appendicectomy and recurrent appendicitis episodes were collected. There were 1986 patients admitted with the diagnosis of possible appendicitis or related conditions during the study period. There were 1516 patients who required operative management and 470 patients with no operative intervention recorded. Within the 470 patients, majority did not have imaging confirmed appendicitis, some were transferred to the other hospitals early on during their admission and others had other intra-abdominal pathology confirmed instead of appendicitis. A total of 54 patients satisfied the inclusion criteria and were selected for this study (0.04%) (Figure 1 ). There were 28 female and 26 male patients with a median age of 59.5 years (range 8 -94). Forty-six patients (85.2%) had CT scan confirmed diagnoses, 4 patients (7.4%) had US scans only and 4 patients (7.4%) required both CT and US scans. Nineteen patients (35.2%) had imaging confirmed simple appendicitis. Four patients were deemed unfit for general anaesthesia with multiple comorbidities; one patient declined surgical treatment; three patients had imaging findings suspicious for other pathology (in addition to acute appendicitis) and eleven patients were clinically well and improved rapidly with intravenous antibiotics (Table 1) . Thirty-five patients (64.8%) had imaging confirmed complicated appendicitis (ruptured appendicitis, appendiceal abscess and phlegmon). All 54 patients received inpatient intravenous (IV) broad-spectrum antibiotics and 10 patients (18.5%) required radiological guided percutaneous drainage of Results appendiceal collection. During follow up, 20 patients (37%) received outpatient colonoscopy ( Table 2 ); 4 of which had simple appendicitis and 16 had complicated appendicitis ( Figure 2 ). Eighteen patients had normal follow-up colonoscopy. One patient had colitis where there was a known history of Ulcerative colitis. One patient's colonoscopy report could not be retrieved ( Figure  3 ). Eleven patients (20.4%) had recurrent appendicitis episodes over the follow up period (Table 2) ; three had simple appendicitis initially and eight had complicated appendicitis. Four of the eleven patients were managed conservatively again and seven required operative management (4 laparoscopic and 3 open procedures). In total, 21 patients (38.9%) received appendicectomy in the follow up period, 14 patients underwent interval appendicectomy and 7 required emergency appendicectomy during their second admission of acute appendicitis (Figure 4) . Of the 14 patients (25.9%) undergone elective interval appendicectomy, surgery was recommended to 9 asymptomatic patients by their treating surgeons, three patients were offered interval appendicectomy post conservative management of their second episode of appendicitis and 2 patients had interval appendicectomy due to ongoing abdominal pain ( Figure 5 ). Not surprisingly, appendicectomy is currently the mainstay treatment of acute appendicitis in our health network reflected by our study numbers (54 conservatively treated patients versus 1516 surgically treated patients), whereas conservative treatment was only occasionally adopted. The concept of conservative management of acute appendicitis over appendicectomy has been proposed for over two decades now. There have been several randomized controlled trials and multiple systematic reviews looking at safety and efficacy of antibiotics alone versus appendicectomy in treating acute uncomplicated appendicitis [10] [11] [12] [13] [14] [15] [16] 19] .
Discussion
Several trials supported conservative management of uncomplicated appendicitis. Styrud et al., Hansson et al. and Eriksson et al. assessed patients with clinical appendicitis treated conservatively with antibiotics versus patients treated by appendicectomy and concluded that antibiotic treatment alone is as effective as appendicectomy [10] [11] [12] . Different parameters are used for assessment. Styrud and colleagues compared complication rate in appendicectomy group to recurrence rate in antibiotics group and found them to be the same [11] . Hansson and colleagues utilized similar criteria; they defined efficacy in antibiotic group as definite improvement without the need for surgery within a median follow up of 1 year; efficacy in appendicectomy group was confirmed appendicitis at operation or another appropriate surgical indication for operation [12] . They found comparable efficacy between the two groups [12] . Eriksson et al compared pain score, white blood cell (WBC) and C-reactive protein (CRP) levels and found that patients treated with antibiotics had a significantly lower pain level and faster decrease in WBC count when compared to patients treated with appendicectomy [10] . The recurrence rate within 1 year follow up was 35% in the antibiotic group; and the negative appendicectomy rate was 15% [10] . Two trials questioned the efficacy of conservative management of uncomplicated appendicitis. Salminen et al. and Vons et al. both used non-inferiority criteria and found they were unable to demonstrate non-inferiority of antibiotics treatment relative to surgery [15, 16] . Salminen et al. defined successful treatment of antibiotics as discharge from hospital without needing surgery and no recurrent appendicitis within 1 year of follow-up; and defined successful surgical treatment as completion of an appendicectomy [16] . Despite the reported 25% difference in efficacy between the two groups, antibiotics group achieved 94.2% successful discharge rate during the initial inpatient stay [16] . Vons and colleagues defined primary end point as occurrence of post-intervention peritonitis within 30 days of treatment initiation and found that this occurs significantly more frequent in the antibiotics treatment group than in the appendicectomy group (8% versus 2%) [15] . Complicated appendicitis on the other hand is defined as acute appendicitis with the presence of abscess, localized perforation, or inflammatory mass consisting of inflamed appendix and adjacent viscera [6] . Their management is usually more controversial. Clinically those patients present very similar to patients with acute uncomplicated appendicitis, however on examination there Interval appendicectomy is defined as appendicectomy after successful conservative management of acute appendicitis to prevent future recurrent episodes. Whether this should be carried out as a routine approach or not, remains controversial. In our study, 14 patients (24.9% of conservative group) had undergone an elective interval appendicectomy during the follow up period, 64% (9 patients) of which did not have any residual symptoms or signs of recurrent episodes and only 36% (5 patients) had recurrent episodes or residual symptoms. There is no consensus in our centre on who should receive interval appendicectomy and who should not. Studies have questioned the necessity of interval appendicectomy as the complication rate can be as high as 23% and the recurrence rate is low ranging from 5-15% in a follow up period between 6 to 48 months [14, [20] [21] [22] . Some argue that in complicated appendicitis, there is a potential risk of underlying malignancy or other pathology, i.e., Crohn's disease, being missed and interval appendicectomy and histopathology testing can provide more diagnostic and treatment value [4, 23] . Others have offered the alternative CT scans and colonoscopy in suspected cohort for detecting that rare pathology [21] . Current evidence from systematic reviews is against routine interval appendicectomy even in complicated appendicitis and some studies suggest that recurrences may be observed and managed conservatively again [14, 21, 22, 24, 25] .
Recurrent episodes of appendicitis post conservative management warrant attention and treatment. It would be very helpful if predictors of recurrence can be identified so that such population can be offered interval appendicectomy or appropriate follow up. From our study, 20.4% (11 patients) had recurrent episode within the follow-up year, comparable to the reported literature figure of 3 to 25% [3, 6, [10] [11] [12] 14] . Majority (8 patients) of those patients had complicated appendicitis during their initial presentation. One case-control study of paediatric population found that persistent symptoms after resolution of the appendicular inflammatory mass and resolution time of more than 6 days strongly correlates with recurrence and those patients should be offered interval appendicectomy [26] . They also established a significant correlation between US positive appendicolith and recurrence [26] . Also in paediatric population, Koike and colleagues retrospectively examined several factors and identified using multivariate analysis that intraluminal appendiceal fluid on imagine (CT or US scans) is a significant independent predictor of recurrent appendicitis [27] . Another study analysed radiological findings on CT scans and found that the presence of calcified appendicolith strongly relates to recurrence of appendicitis [28] . may be a palpable mass in the right iliac fossa [5, 6] . General consensus of first-line treatment is conservative antibiotic treatment with or without the aid of radiological guided drainage of abscess [3, 5, 6] . Differently to uncomplicated appendicitis, conservative treatment is preferred to avoid possible spread of localized infection, injury to surrounding viscera and overall high complication rate that surgery brings [6] . One study shows immediate surgery in patients with phlegmon formation is associated with over a three-fold increase in morbidity compared with conservative management [4] . A meta-analysis done by Simillis and colleagues showed significantly increased rate of overall complications, re-operation, wound infection, ileus or bowel obstruction and abdominal or pelvic abscess formation in patients undergoing immediate operation versus conservative management [5] . Only a small cohort of patients (19 patients) with simple appendicitis received non-operative management during the study period in our health network. Majority of the conservatively managed patients had complex appendicitis (35 patients). When further examined, more than half of these 19 patients were clinically well with minimal tenderness, the rest were either too unwell for anaesthesia or had other imaging findings complicating the diagnosis of simple appendicitis (Table 2 ). It is clear that operative management is preferred in managing simple appendicitis in our health network. One reason could be the implementation of the Acute General Surgical Units at two of our hospitals, where acute appendicitis can be readily managed operatively. Another reason could be the lack of locally based trials and data. We believe our results represent the current practice in Melbourne, Australia.
Interval Appendicectomy Predictors of Recurrent Episodes
Our study demonstrated a 37% (20 patients) interval colonoscopy rate in the conservative treatment cohort. Majority of those patients (16 patients) had complicated appendicitis. Apart from one patient who had colitis on colonoscopy with the background of Ulcerative colitis, rest of the colonoscopies did not detect other disease process. Apparently, there is also no consensus in our health system on who should receive colonoscopy and who should not. There is an up to 12% chance that complicated appendicitis, especially with the presence of an inflammatory mass, could be the initial presentation of other disease processes [29] . These include ruptured caecal diverticulitis, terminal ileitis, mesenteric tumours, carcinoid of the appendix, mucocele of the appendix and caecal cancer [14, 23, 30] . Carcinoid is the most common tumour of the appendix with an incidence of 0.3%-0.7% [31] . There is about a 1-4% association of appendiceal mass with caecal or ascending colon cancer [29, 32] . Suspicion should be raised in the at-risk group of age more than 40 years, presence of anaemia, recurrent pain in the right iliac fossa, histologically normal appendix post appendicectomy [14, 32] . Lai and colleagues strongly advocates an interval colonoscopy in patients presenting with appendiceal mass that have been managed conservatively [29] . This study has some limitations. Being retrospective, it is subjected to selection bias. Though this was minimized by following strict selection criteria of consecutive patients. Limiting the study to imaging-confirmed appendicitis, meant that patient with clinical appendicitis treated conservatively without imaging were not included in this study. So, the actual number of patients might well be more than the reported number of 54. This was intentional to avoid including patients with non-specific abdominal pain diagnosed clinically as appendicitis.
Interval Colonoscopy
Appendicectomy is still the mainstay treatment of acute appendicitis in our health network currently. Conservative management is usually successful and can be adopted as the first-line treatment of simple appendicitis in specific scenarios, like elderly patients with multiple comorbidities. Conservative management should be the mainstay for complicated appendicitis (mass or abscess). Interval appendicectomy should only be offered to patients with recurrent appendicitis and those with high chance of recurrence based on imaging. Interval colonoscopy should be scheduled for patients with high risk of malignancy and other disease processes, e.g. patients above 40 years of age, and patients with right iliac fossa mass. We believe our study results represent the current practice of management of acute appendicitis in Melbourne, Australia. However, it would be valuable to see and compare results with other health institutions in Australia.
Conclusion

